Introduction: Ectopic forms of schistosomiasis are those in which the parasitic element is localized outside the portal system, the natural habitat of the helminth. Although the prevalence rates of schistosomiasis are high in Brazil, clinical and epidemiological data on ectopic forms of the disease are still scarce. Methods: Cross-sectional, retrospective and descriptive epidemiological study in which cases with a confirmed histopathological diagnosis of an ectopic form of schistosomiasis were analyzed. The cases were selected from a database of the anatomic pathology files of a referral center. Results: Of the 21 cases identified, seven affected the female genital tract and five the male genital tract; four cases were identified in the peritoneum; two cases involved lymph nodes and two involved adipose tissue; and renal involvement was detected in one case. Conclusions: The lack of knowledge of the clinical presentation of ectopic forms of schistosomiasis makes the early identification and treatment of this form difficult, with direct implications in the reduction of morbidity and mortality in endemic areas.
INTRODUCTION
Schistosomiasis is an infectious granulomatous disease caused by helminths of the genus Schistosoma, with Schistosoma mansoni being the causative agent in Brazil. Originally described in 1851 in Egypt by Theodor Bilharz, schistosomiasis spread from Africa to other continents following migratory flows 1 . Today, according to the World Health Organization (WHO), schistosomiasis ranks second in the world in importance and socioeconomic repercussion, after malaria. It is estimated that schistosomiasis affects 200 million people and poses a threat to more than 600 million individuals living in areas with high endemicity 2 . Endemic schistosomiasis mansoni occurs in 54 countries located mainly in Africa, the Eastern Mediterranean and the Americas. In South America, it occurs mainly in the Caribbean region, Venezuela and Brazil 2, 3 .
In Brazil, the disease occurs in 19 states, covering an endemic area ranging from Maranhão to Espírito Santo and Minas Gerais, with local outbreaks in other states 4 . However, the magnitude of infection with Schistosoma spp. is heterogeneous. Precarious or nonexistent conditions of basic sanitation, poverty and low levels of schooling characterize the most affected areas 5 . The prevalence of schistosomiasis is particularly higher in the Northeastern States and Minas Gerais 6, 7 .
The extensive geographic distribution of schistosomiasis mansoni in Brazil, by itself, provides a dimension of the magnitude of this problem for public health 1 . It is estimated that 2.5 to 8 million Brazilians have the disease. However, knowledge about the epidemiological behavior of this parasitosis is limited, with divergent estimates of its prevalence in the country 4 .
Poor socioeconomic conditions, difficulties in accessing health services, migratory movements and poor conditions of water and sewage treatment are among the main factors responsible for the transmission of schistosomiasis in endemic areas. In Northeast Brazil, the State of Alagoas has the highest prevalence 6 .
According to data from the National Health Foundation (FUNASA), through the Schistosomiasis Control Program in Alagoas, there was a resurgence of the endemic disease 7 , aggravated by socioeconomic conditions unfavorable to disease control 8 . Sixty-nine percent of the municipalities within the state are high-endemic areas for schistosomiasis, with more than two and a half million people living at risk of the disease 8 . Among 18 states in the Northeast and Southeast, the highest positivity rates of parasitological tests for schistosomiasis were found in Alagoas 9 . Currently, 72 municipalities in Alagoas are concentrated in the so-called risk zone for schistosomiasis. In addition, it is possible that an endemic expansion is occurring in the Alagoas municipalities located near the Mundaú and Paraíba river basins. The state is rich in water resources, and the main focuses of the disease are concentrated in the basins of these rivers 7, 9 .
The ectopic forms of schistosomiasis are those in which the parasitic elements -eggs or adult worms -are located outside the portal system, the natural habitat of the helminth 10 . Rarely, schistosomiasis occurs in only one isolated organ. In most cases there are lesions in other sites besides the liver and the intestine. The lesions outside this location are seen in up to 20% of patients, isolated or in association with hepatic and intestinal involvement 11 . However, ectopic forms often do not raise clinical suspicion and usually represent findings in biopsies or necropsies 10, 11 . Classically, the histopathological diagnosis of S. mansoni infection is based on the presence of granulomas containing in the central portion the eggs or fragments of S. mansoni eggs, peripherally surrounded by a variable number of multinucleated giant cells, histiocytes, lymphocytes, and eosinophils 11 .
Considering the large number of factors involved in the endemic form of schistosomiasis mansoni in Brazil and the paucity of clinical and epidemiological data on the ectopic forms of the disease 8 , this study aimed to investigate this form of presentation of schistosomiasis in a particular geographic region in the State of Alagoas.
METHODS

Ethical considerations
This cross-sectional, retrospective and descriptive epidemiological study was approved by the Research Ethics Committee of the Federal University of Alagoas (CAAE: 1.568.537).
The sample of the present study was selected by an active search in the database 12 . NPDC is the only laboratory of anatomic pathology that serves this geographical region, and because it is the only regional destination of human specimens for anatomopathological analysis, it confers on its collection a representative character of this entire region of the state.
For the purposes of inclusion in this study, we considered lesions diagnosed in samples from biopsies or in surgical specimens from organs or tissues located outside the portal system as ectopic forms of schistosomiasis. After identifying ectopic forms of the disease, the histopathological diagnoses were confirmed by two experienced pathologists who were unaware of the initial diagnoses of the lesions. Cases with and without clinical suspicion of ectopic schistosomiasis were included in the series. Patient information (age, gender, ethnicity, municipality of residence, and association of schistosomiasis with other clinical conditions) and the characteristics of the lesion (location, macroscopic description of the surgical specimen and histopathological finding) were recorded in a standardized form. Patients from geographic regions outside the perimeter of the second health macroregion of Alagoas and cases diagnosed outside the period delimited in the study were not included in the series.
The results were expressed as numbers and analyzed by the frequency distribution of the ectopic forms in relation to the demographic and clinical variables of the patients.
RESULTS
From the survey of the NPDC database, 159,474 histopathological reports were issued between January 2000 and December 2015, of which 174 cases with confirmed diagnoses of schistosomiasis were identified. From this number, five cases were excluded, corresponding to patients from a geographical region outside the perimeter of the second health macroregion of Alagoas. Of the 169 cases identified in the geographic region of interest of this study, 148 were diagnosed in an organ with venous drainage within the portal system (Figure 1) .
Ectopic forms of the disease were diagnosed in 21 samples from 20 patients (two samples came from one patient) corresponding to 12.4% of cases diagnosed as schistosomiasis in the geographic region of the study. The diagnoses were established in biopsies performed due to several clinical indications, and there was no suspicion of schistosomiasis in any of the cases. Thus, in the entire sample, the diagnosis of the ectopic form was a histopathological finding. The demographic and clinical characteristics of the patients are described in Table 1 .
Of the twenty patients 11 were men; age ranged from 24 to 103 years and the most common ectopic form of schistosomiasis was that of the female genital tract (7/21). Of the seven cases diagnosed in this region, three were in the uterus, with two localized in the uterine cervix, one associated with infiltrating carcinoma, one associated with chronic cervicitis (Figure 2A ) and one in the uterine body associated with leiomyoma. In the four cases diagnosed in the ovary, we observed association with oophoritis in one case, cystic teratoma in one case, endometriosis in one case, and follicular cyst in one case. Involvement of the male genital tract was observed in five cases; in three cases, the lesions were located in the testis (in two patients orchiectomy was performed due to adenocarcinoma of the prostate and in one patient there was association with chronic orchitis), in one case it was localized in the penis in association with squamous cell carcinoma ( Figure 2B) , and in one it was localized in the epididymis and was associated with epididymitis.
In the abdominal cavity, the ectopic form was diagnosed in three cases in the visceral peritoneum (colonic serosa including one case of pseudotumoral form); in the omentum it was diagnosed in a patient who underwent radical gastrectomy due to adenocarcinoma, presented also as a pseudotumoral lesion ( Figure 2C) . The ectopic form diagnosed in the adipose tissue of two patients corresponded to the fat surrounding lymph nodes isolated from the perigastric and pelvic regions, removed during a surgical procedure for the treatment of gastric adenocarcinoma and carcinoma in situ of the uterine cervix, respectively.
*Same patient with simultaneous presentation of two ectopic forms (sigmoid colon serosa and mesosigmoid lymph node).
Lymph node involvement was seen in two cases, in one lymph node removed during a surgical procedure for the treatment of gastric adenocarcinoma (Figure 2D) , and the other was removed during a procedure for surgical treatment of traumatic rupture of the rectosigmoid colon. In the patient diagnosed with cancer, there was no evidence of metastatic infiltration of the lymph node by the neoplasia). Renal 
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involvement was seen in one case in association with primary renal carcinoma (renal cell carcinoma, clear cell type).
DISCUSSION
Female genital schistosomiasis is common in endemic areas, but there are few reports in the Brazilian and global medical literature 13 . Recently, the WHO has included female genital schistosomiasis in the category of gender-specific diseases that deserve priority research 13 . It is estimated that 6-27% of girls and women with intestinal schistosomiasis suffer from pathological conditions induced by eggs entrapped in parts of the genital tract 13, 14 . The mechanism by which S. mansoni eggs reach the female genital tract is not fully understood 15 . However, it is believed that the anastomoses between the hemorrhoidal veins and vessels that drain the internal genitalia and vulva allow the migration of worms and egg embolization into the capillary bed, where they induce the formation of granulomas [14] [15] [16] . Data on the topographic distribution of genital schistosomiasis in Brazil and in other countries show the involvement of the following organs, in descending order of importance: ovaries, cervix, uterus, uterine tubes, vulva, and vagina 13 . In our series, female genital involvement showed a similar proportion of distribution as that described in the literature, with the ovary being the main organ affected (4/7) followed by the cervix (2/7) and the uterine body (1/7).
Schistosoma mansoni eggs when transported to the genital and reproductive tract may give rise to hypertrophic or ulcerative lesions causing female infertility and increased risk of ectopic pregnancy. Lesions may also represent a risk factor for infections due to sexually transmitted diseases, especially human immunodeficiency virus and human papilloma virus 13, 15, 17 . In the ectopic form of schistosomiasis involving the uterine cervix, postcoital, intermenstrual and post-menstrual bleeding, vaginal discharge and dysmenorrhea can occur -signs that are not direct consequences of schistosomiasis but result from its association with cervicitis (Figure 2A ) 18 . However, the involvement of the female genital tract is usually asymptomatic and the eggs are an occasional finding evidenced in histological examinations for different purposes 18 . Despite the scarcity of reports on the presence of S. mansoni in the male genital tract and the sexual and reproductive impact it can cause in men, ectopic forms have been described in the penis, scrotum, testis, epididymis, spermatic funiculus, seminal vesicle, and prostate. There are also reports of the presence of eggs in human semen 19 . Although schistosomiasis is endemic in many countries, S. mansoni infection with testicular involvement is extremely rare 20 . Its occurrence is attributed to the migration of eggs through the venous channels between the mesenteric veins and the internal spermatic vein, inducing an immune response and formation of granulomas associated with fibrotic changes 20, 21 .
In an autopsy study performed in an endemic area of Brazil, testicular involvement was observed in 3.2% of cases of schistosomiasis 22 . However, in this location schistosomiasis may be clinically characterized by unilateral testicular edema, gonadal atrophy, libido alterations, erectile dysfunction, infertility, and testicular nodulations, mimicking a neoplastic lesion that may in certain circumstances lead to unnecessary orchidectomy 20, 21, 23, 24 . In endemic areas it is fundamental to maintain a high degree of suspicion of testicular schistosomiasis as a differential diagnosis of testicular tumors in boys or adult males with a testicular mass 20, 25 . The indication of radical orchiectomy should be carefully reviewed to avoid unnecessary invasive surgeries, especially in patients of reproductive age. In this context, partial orchiectomy with intraoperative frozen section examination may be a safe and effective approach for the diagnosis and treatment of these benign lesions 20 .
There is only one case described in the literature of ectopic presentation of S. mansoni eggs in the epididymis 26 . However, schistosomiasis of the epididymis due to S. haematobium is not uncommon in areas endemic for the disease and is usually associated with rectal or vesical schistosomiasis. Although there may be scrotal pain, hardening or enlargement of the organ associated with epididymitis 21, 26 , it is usually asymptomatic even in the advanced form of the disease, which may explain the small number of cases reported in the literature 27 .
Penile involvement in S. haematobium infection through sexual transmission is a possibility that was raised a few decades ago 28 . The suggested mechanism would be the transference of eggs through the contact of the penis with the affected cervix or indirectly by the release of eggs through the female urethra. In this report, the authors described that the infection of the penis by S. haematobium results in fibrosis of the cavernous tissue, organ stiffness, urinary obstruction and extensive tissue destruction, simulating early carcinoma of the penis 28 . However, we did not find in the literature the association of S. mansoni, the only species found in Brazil, and ulcerative infiltrating squamous cell carcinoma of the penis (Figure 2B) .
Further studies on the urogenital system are needed to assess the real significance of male genital lesions and a systematic study among men with schistosomiasis mansoni to establish the prevalence of urogenital localization 19 .
Schistosomiasis has been associated with some forms of neoplasias 29 . The most striking association occurs in areas with a high prevalence of urinary schistosomiasis due to S. haematobium, such as Africa and the Middle East. In these regions there is a predominance of squamous cell carcinoma of the bladder, a relatively rare form of cancer in non-endemic regions 29, 30 . In China, where colorectal cancer reaches relatively high incidence rates in endemic areas, the association between this type of neoplasia and diffuse colitis due to S. japonicum infection has also been suggested 30, 31 . Some isolated case reports describe the association between adenocarcinoma of the prostate and prostate infection by S. haematobium and S. mansoni. However, the epidemiological relationship between the two conditions remains limited to the few published cases [30] [31] [32] .
In our series we observed the association of the ectopic form of schistosomiasis with a benign neoplasia in two cases (uterine leiomyoma and ovarian cystic teratoma). The association with malignant neoplasia was observed in nine cases. In three patients (squamous cell carcinoma of the penis, carcinoma of the uterine cervix and renal cell carcinoma) there was an intimate association between neoplastic cells and S. mansoni eggs. It is possible that local hypervascularization related to tumor growth facilitates the migration of the eggs resulting in the simultaneous association, without causal relationship, between the two conditions. The ectopic forms of S. mansoni affecting the peritoneum are usually associated with the hyperplastic manifestations of the disease (pseudotumoral form) that seems to be directly related to the egg of the parasite. In these circumstances the egg acts as an antigenic complex, which would provoke an exaggerated granulomatous inflammatory response in the organism 33, 34 . As the oviposition of worms occurs in the descending colon, sigmoid colon and rectum, the ectopic lesions are located mainly in relation to this topography 34, 35 . Our results confirm both the association of the peritoneal lesion with the pseudotumoral form of schistosomiasis ( Figure 2C ) and with the topographic relation with the sigmoid and descending colon.
There is only one report describing the presence of S. mansoni eggs in the omentum of humans 36 . However, in experimental studies in mice, after direct intraperitoneal inoculation of the parasite there was evidence of eggs in the omentum and peritoneum 37 . These findings suggest that the parasite is able to develop without ingestion of red blood cells (intravascular localization) and may explain the presence of Schistosoma eggs in human omentum.
Only two cases of ectopic forms of Schistosoma with lymph node involvement have been reported in the literature published in the English language 38, 39 . In one report, eggs from S. japonicum were found in the mesenteric lymph nodes associated with carcinoma of the sigmoid colon 38 . In the other, which is the first report of lymph node involvement by Schistosoma eggs, there was an association between the granulomas and pericolic lymphadenitis 39 . Until then it was believed that the lymph nodes were resistant to such involvement due to the small diameter of the vessels in relation to the size of the eggs, due to the spicules of the eggs, making vascular migration difficult or by an indirect suppressive mechanism of the immune system that would inhibit granuloma formation in the lymph nodes 39 . In our study we observed lymph node involvement by S. mansoni in a patient with a malignant neoplasm of the colon. Despite the topography of the lymph node in the territory of organ drainage, the lesion in the lymph node was represented only by the granulomatous component, without neoplastic involvement ( Figure 2D) .
Only one case of ectopic presentation in adipose tissue is reported in the literature 40 . In this report the ectopic form was described and a lipoma located in the subcutaneous tissue, distant from the life cycle of the worm and without connection with any portal vein or another vascular system that could to be used for its migration 40 . The two cases reported in our study, on the contrary, were described in the perigastric and pelvic adipose tissue and could be explained by the migration of worms and/ or egg embolization through vascular anastomoses.
The prevalence of renal involvement in schistosomiasis is variable and is related to the profile of the study population 41 . The pathophysiology of renal injury in schistosomiasis has features common to other parasitic diseases, such as malaria. Kidney damage is mainly caused by glomerulopathy mediated by the deposition of immune complexes formed by circulating Schistosoma antigens and antibodies against the parasite 41 .
Considering all forms of the disease, the incidence of glomerular involvement is estimated at 5-6% and increases by 15% in the hepatosplenic form of the disease 41, 42 . Despite the established association between schistosomiasis and glomerulopathy by immunocomplexes, the kidneys are rare sites of granuloma formation and the contribution of ectopic schistosomiasis to renal damage remains poorly understood 43, 44 . In our series, the only case of ectopic schistosomiasis in the kidney occurred in association with renal cell carcinoma, with no involvement of the renal parenchyma. The inflammatory process, represented by the presence of granulomas, was identified solely in the neoplastic tissue.
Early identification of the disease and timely treatment of S. mansoni infected patients are the main measures in reducing the disease morbidity and mortality. However, ectopic forms of the disease are usually initially silent. Thus, this study reinforces the epidemiological importance of the diagnosis of the ectopic form of schistosomiasis mansoni and the need for health professionals to be aware of this form of presentation. Thus, the diagnosis of new cases of ectopic schistosomiasis, especially in endemic areas should be reported and investigated, as they also function as markers of critical areas that need prioritization and basic care integrated actions.
The remarkable number of cases of ectopic schistosomiasis and the variety of anatomical location described in our study may be explained by the high endemic rates of schistosomiasis in this geographic region. Considering that the prevalence of S. mansoni in municipalities of the northeastern states of Brazil is still high, it is believed that low notification rates and lack of protocols tailored to the investigation of ectopic forms are responsible for the absence of diagnoses of ectopic forms of this parasitic disease 15 . Also, it would be advisable to maintain a high degree of diagnostic suspicion to identify ectopic forms of the disease.
